The displacement of the accelerator components induces the beam losses so that the precise alignment is essentially important for the high-intensity hadron accelerates. All accelerator components in the J-PARC linac were realigned in summer 2011 to recover the displacements by the Tohoku earthquake in March 11 th , 2011. However, the stability of the floor height became worth after that earthquake. The local settlement more than 1mm was observed by the periodical (once a year) survey. The floor height is affected by the environmental conditions such as seasonal change, weather, earthquake, and so on. The amounts of these short-term movements are identified by continuously monitored floor height by the monitoring system. By the usual earthquake, the deformation seems random and negligibly small. The heavy rain tilts the floor about 0.1 mm / 300 m in the N-S direction momentarily, however, which recovered gradually. The significant vertical deformation was observed by the long-term continuous monitoring for more than months. Then, the slow ground motion dominates the vertical deformation of the J-PARC linac tunnel.
Introduction
The excess beam loss results in a radioactivation of the accelerator component, which may seriously undermine the maintenancibility of the accelerator components. The displacement of the accelerator elements is one of the causes of the beam losses. Therefore, maintenance of the alignment accuracy is essentially important for the high-intensity hadron accelerates.
The movement of the tunnel floor affect the alignment accuracy. The movement of the tunnel might be caused by the external factors such as earthquake, tidal effect, weather, and so on. Then, the floor elevation is monitored by the hydrostatic leveling system in the J-PARC linac [1] .
The J-PARC linac has finalized its precise alignment at the end of summer 2006 [2] . Since then, the deformation of the linac accelerator tunnel was small enough to maintain the alignment accuracy for five years without realignment. However, the J-PARC has seriously been damaged due to the Tohoku earthquake in March 11 th , 2011 on buildings, devices, utilities, alignment, and so on [3] [4] [5] . Then, all accelerator components in the linac were realigned [6, 7] , however, the stability of the floor height became worth after that earthquake. The properties of the vertical deformation are investigated by the periodical survey and the floor level measured by the hydrostatic leveling sensors. Figure 1 shows the layout of the J-PARC linac accelerators. The accelerator components are installed in a shallow tunnel with 15 m depth from the ground level. The linac consists of the straight section (about 330 m, installed accelerators are the ion source (IS), the radio-frequency quadrupole (RFQ) linac, the drift tube linac (DTL), the separated type DTL (SDTL), the annular-ring coupled structure (ACS) linac, and the beam transport line), the collimator line between two arc sections, and the injection line. The straight section and the first arc belong to the linac building. The second arc and the injection line belong to the 3 GeV synchrotron building. These two buildings are connected by L3BT building, which has the collimator section.
Layout of the J-PARC Linac and Distribution of Survey Monuments and Sensors
The linac building uses a spread foundation. The north end of the linac building directly stands on the mudstone bedrock. This bedrock becomes deeper toward the south direction, so that the middle of the straight section (from the DTL to the entrance of the 1 st arc) stands on the sandy soil. The pile foundation is used at the south end of the linac building (1 st arc section). The soil distribution under the linac building is described in Refs. [5, 7] .
The hydrostatic leveling system is installed in the linac tunnel. In this system, the water level sensors equipped on the vessels distributed along the beam line. The vessels are half-filled by water and connected each other by the water and air tubes. Then, the water level is equal among vessels. The vessel is fixed on the baseplate, which is embedded on the floor for the base of the accelerator device. If the floor elevation occurs, the water level in the vessel changes, then, this system can detects the relative heights among sensors.
The heights of level monuments distributed in the tunnel are surveyed in the 
Incidental Movement

Earthquake
The earthquake is considered as one of the causes of the floor deformation. For the stable beam operation, influence of this unexpected movement should be recognized immediately. Figure 2 show the floor elevation by the earthquake at May 5 th , 2008 measured by the hydrostatic leveling system. The heights relative to the most upstream sensor (at -2 m) is shown in Fig. 2 . The legends in the figure shows the position of the sensors along the beam line as noted in Fig. 1 . The time response of this system is about ten minutes, which is determined by the damping time of the instantaneously fluctuated water levels by the floor elevation. Three times large disturbances are considered due to the water surface shaking by earthquakes. The floor deformation occurred after the third shock sharply, however, the amount of this elevation was less than 30 m.
By the Tohoku earthquake, the large settlement occurred at the middle of the SDTL section about 40 mm and the end of the ACS section about 10 mm [6] . Figure 3 shows the vertical deformation of the linac tunnel by earthquakes measured by the hydrostatic leveling sensors. The abscissa shows the positions of the sensors along the beam line. The ordinate shows the difference of the height between before and after the earthquake. The most upstream sensor is taken as the reference height. Relatively large events were chosen in Fig. 3 among the usual earthquakes occurred near the J-PARC site. We afraid the degradation of the seismic performance of the building, however, the deformation seems random and negligibly small by these usual earthquake. 
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Heavy rain
J-PARC accelerator is built on sandy soil with abundant groundwater. In these unique circumstances, the floor elevation might be substantially influenced by the groundwater level. At the April 4 th , 2014, there was 100 mm daily precipitation. Figure 4 shows the floor elevation around this heavy rain situation. Just after the heavy rain, the linac tunnel tilts about 0.1 mm / 300 m in the North-South direction as noted in Fig. 4 . The height at 178 m and 327 m is lower about 0.04 mm and 0.1 mm compared to the most upstream position(-2 m), respectively, at April 4 th , 2014. We consider that this tilt is induced by the increase in the groundwater level. This long distant tilt recovered gradually, however, there remains the small deformation about 0.04 mm even after a week as noted in Fig.4 . Similar deformation was also observed another heavy rain at February 15 th , 2014. Causes of this undulation is not clearly understood.
Long-term Movement
Monthly deformation
The significant vertical deformation was observed by the long-term monitoring by the hydrostatic leveling system. Figure 5 shows the vertical deformation since November 11 th , 2013 for one month interval. The abscissa shows the positions of the sensors along the beam line. There were two local settling spots around 100 m and 280 m positions until April 2014. The floor deformed with winding shape during this period. Whereas, the middle of these spots (around 200 m) begun to settle after that. Globally, the tunnel floor tilts downward at upstream section. The amount of this monthly deformation is more than 0.1 mm, which is a few times larger than that by the incidental movement as described in the previous section. Moreover, the direction of this movement is not random. 
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Seasonal deformation
In this paragraph, the longer-term movement is discussed. Figure 6 shows the trend of the floor elevation at 178 m (middle of the straight section) and 280 m (end of the straight section) since January 2012, in which the height of the most upstream sensor is taken as a reference. The continuous settlement can be seen during this measurement period, moreover, there is a fluctuation in the annual cycle. In the summer season, the floor height at 178 m is lower than that of 280 m, this relative height difference became opposite direction in the winter season. This shows that the local winding deformation occurs as the season change. The amount of this periodical motion is several hundred micrometer in these two years. The phase of this fluctuation delays a few months against the atmospheric temperature of the outside. Probably, the temperature of the building frame and soil follows a little behind the outside temperature.
Over year's deformation
In the maintenance period of the J-PARC accelerator, the height of the level monuments are surveyed. Figures  7 show the vertical deformation of the linac tunnel of the intervals of one or two years. Upper figure a) shows the data before 2010, and lower figure b) is the data after 2011. The height at the closest monument to longitudinal 0 m position is taken as the ordinate origin for these plots. The one year deformation was typically less than 1 mm until 2010, however, the local settlements appeared after 2011 at the upstream section. Therefore, the accelerator components in this area (SDTL section) are realigned in October 2013. Unfortunately, this local deformation seems to continue afterward as shown in Fig. 7 . We have to continue the periodical survey and the continuous monitoring to comprehend these deformation carefully. 
Summary
The vertical deformation of the accelerator tunnel of the J-PARC linac is quantitatively recognized in various time scale. In the short-term phenomena, the earthquakes and heavy rains deform the accelerator tunnel. However, the former effect is small as a few tens of micrometer and the direction seems random in case of the usual magnitude, the latter tilts the linac floor in the North-South direction but mitigates after a few weeks. The seasonal height deviation is periodic and the amount of which is in a few hundreds of micrometer. The larger deformation has recognized in the long-term continuous and periodical measurement. This slow ground motion dominates the deformation of the accelerator tunnel. In particular, it became larger after the Tohoku earthquake. Under these circumstances, the scheduled realignment is needed to maintain the alignment accuracy for the high-intensity beam operation.
